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ABSTRACT 
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Mineral Trioxide Aggregate has gained popularity among clinicians, in respect to other 
endodontic materials, due to the superiority of its biological and physical properties. 
However, the main disadvantage of MT A is its prolonged setting time. MTA may gain 
wider acceptance in endodontic applications if its setting time could be shortened to a 
single appointment time frame. The purpose of this study was to investigate the effects of 
particle size on control; group, 50-75 microns,75-90 microns and> 150 microns setting 
time, strength, microleakage , and pH of an experimental version of Mineral Trioxide 
Aggregate (EMT A). Setting time was determined by measurement of penetration depths 
at fixed time intervals using a dial indicator microgauge. Biaxial flexural strength was 
determined with an Instron universal testing machine after 1, 7 and 21 days of setting. A 
fluid filtration method was used for quantitative evaluation of apical microleakage. The 
quality of seal of each specimen was measured after 1, 7, 14, 21, days. The pH of storage 
solutions of each specimen in 20 ml of deionized water was measured after 6 hours, 1, 2, 
lV 
7 and 21 days. The data were statistically analyzed with both one-way ANOV A and 
Tukey's HSD test methods. The results showed that the setting time and rate of EMTA 
were significantly decreased when the particle size was 50 microns. Results also showed 
that particle size did not have any effect on the strength of the EMT A. The micro leakage 
was compared between different particle sizes of control group, 50-75 microns, 75-90 
microns and > 150 microns. The control group was the one that had the most leakage 
compared to all other powders. Under the conditions in which this study was conducted 
the setting time was greatly affected as the particle size got smaller without affecting 
other properties. 
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2. INTRODUCTION 
Mineral Trioxide Aggregate (MT A) , a cement, is a restorative material that consists of 
tetracalcium aluminoferrite , tricalcium silicate , tricalcium aluminate , dicalcium silicate , 
calcium sulfate and bismuth oxide (Spencer , 2004). It is identical to Portland cement 
except for the addition of bismuthoxide , which is believed to help in the modification of 
its setting properties. The advantage of using MT A is the superiority of its physical and 
biological properties (Germain , 1999). 
1 
As explained by Abedi and Ingle (1995) , this material was developed at Loma Linda 
University "to seal off the pathways of communication between the root canal system and 
the external surface of the tooth "(p.36) . The possibility of regeneration of tissues after 
repair may soon become a reality as a result of the use of MT A. 
Compared to other endodontic materials it is superior , as it was developed to address the 
shortcomings of root-end filling materials (Torabinejad et al., 1995). In terms of 
endodontic applications , its most desirable characteristics sealing. In terms of cytotoxicity , 
as researched by Torabinejhad et al. (1995a) , it is less toxic. According to Torabinejad 
and his coworkers (1995) , its mechanical properties compare well to other substances 
such as amalgam and Super EBA. As pertains to cementoblasts during applications as a 
root end filling material in-vivo , MTA also has an inductive effect (Torabinejhad et al. 
(1997). In addition , as reported by Torabinejad (1993) , histologic examination revealed 
that MT A induced cementogenesis , and bone deposition with minimal or absent 
inflammatory response. 
In summary, MTA achieves many of the requirements of an ideal retrofilling material. 
These include the following: 
• MT A is non-toxic , 
• non-resorbable , 
• biocompatible with periradicular tissue , and 
• shows very little and sometimes no leakage around the margins. 
2 
Because of these positive qualities and characteristics , MT A continues to gain increasing 
popularity among clinicians. On the negative side, however , is its prolonged setting time 
(Spencer , 2004). This has served as a major disadvantage and is the focus of the present 
study. As best explained by Torabinejad (1999) , it has an especially significant 
disadvantage with respect to surgical procedures during hemorrhage control. It is at this 
time that MT A becomes too soft and unmanageable as a result of increased moisture in 
the field of operation. 
For these reasons it is important to explore particle size as a potential way to reduce the 
setting time of MT A. While there are several types of Portland cement , this thesis focuses 
specifically on Type 3 and relates to the examination of different particle sizes. A total of 
five different types of Portland cement are manufactured for various purposes to meet 
physical and· chemical requirements. 
3 
Type 3 is considered to be a high early-strength cement. Kosmatka and Panarese (1988), 
in their report on the design and control of concrete mixtures , explain that the Type 3 
Portland cement is noted for increasing strength quickly while the concrete is setting 
because it has a much finer particle size. If the setting time could be shortened to the time 
frame of a single treatment appointment , the major disadvantage of MTA could be 
significantly reduced if not eliminated. 
Aim of the study: 
o To examine the effect of particle size on the physical and chemical 
properties on mineral trioxide aggregate 
3. REVIEW OF LITERATURE 
While a number of bioactive materials have been examined in recent years , the 
mechanical properties of these materials still need improvement. Currently they still have 
higher elastic moduli than MT A. "Therefore , it is desirable to [ continue to] develop 
bioactive materials with improved mechanical properties " (Kokubo et al., 2003, p. 2161). 
Still, new knowledge and findings have pointed the way to manufacturing materials such 
as MT A with mechanical performance to meet a variety of requirements. 
Dentists have been using accelerants such as calcium chloride in concrete since before 
the tum of the twentieth century ( Calcium Chloride Handbook , 2005) . Over time , 
admixtures were developed to accelerate the process thereby improving it use (Monts , 
2004; Ramachandran , 1995). Since that time substances such as MT A have been 
developed for use as a cement-that is, as a dental restorative material. This substance is 
under investigation in the present study, especially with respect to particle size. Because 
its particle size is almost identical to Portland's cement , the particle size is another 
important study variable . 
Three subject areas dominate this review of literature because they serve as the major 
variables of the examination. These include mineral trioxide aggregate , Portland cement , 
and calcium chloride , all of which are central to the thesis and its respective 
experimentation with respect to particle size. Each is reviewed in the literature review 
section and described in detail in separate subsections below. 
3 .1 Mineral Trioxide Aggregate 
3 .1.1 Description , Composition and Use 
4 
Schwartz et al. (1999) report that MTA is a new material that was especially developed 
for the area of endodontics. " [It] appears to be a significant improvement over other 
materials for procedures in bone. It is the first restorative material that consistently allows 
for the overgrowth of cementum , and it may facilitate the regeneration of the periodontal 
ligament " (p. 967). 
MTA , a powder consisting of fine hydrophilic particles that set in the presence of water , 
was originally developed as a grayish material. Because of potential discoloration effect 
of gray MT A, white MT A has been introduced into endodontic treatment for the same 
purposes. Since that time it has been reformulated and now can be obtained in a 
cream/white powder. The current mixture of powder to water for clinical application use 
is represented as a 3: 1 ratio. 
As explained by Nahmias and Bery (2005) , MTA is a very alkaline substance. As 
pertains to some of its histological and biological properties , it can best be compared to 
calcium hydroxide. The material is mixed with sterile water to provide a grainy, sandy 
mixture. Once the material has acquired this consistency it can be applied by using a 
Messing gun or an instrument supplied with it. 
Once the material has set, the compressive strength of MT A is equivalent to 
that of Super EBA and IRM. However , it has less strength as compared to 
amalgam (Torabinejad et al., 1995). MTA has been generally compared to 
concrete because its consistency is that of a very hard cement. 
Nahmias and Bery (2005) also report the expanded use of MTA in recent years for such 
procedures as apexification , pulp capping , and perforation sealing in light of the 
favorable results of MT A as a root-end filling material. Figure# on the following page 
5 
highlights these clinical applications. As noted , furcal repair and root-end filling are also 
included as clinical applications. 
6 
Many clinicians report the beneficial uses of MT A, especially in that it is a biocompatible 
material which provides a biological seal. Numerous articles and reports have been 
published in the dental literature regarding the efficacy of MT A for a number of 
applications. Naik and Hegde (2005) , among numerous other clinicians and researchers, 
support the view of Nahmias and Bery (2005) in reporting that , "MTA has been proposed 
as a potential medicament for various pulpal procedures like pulp capping with reversible 
pulpitis , apexification , repair of root perforations , etc." (p. 13 ). 
Cl n1cal Ap 11,cat ons of MTA 
Figure 3.1.1. Clinical Applications of MTA . 
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In the study conducted by Naik and Hegde (2005) to determine the efficacy of MT A as a 
pulpotomy medicament , the researchers found MT A to be a successful material in many 
different respects. The purpose of their investigative research was to conduct an in-vivo 
study of MT A as a pulpotomy agent in primary molars. 
The researchers explained that retention of pulpally involved deciduous tooth in a 
healthy state has defied pedodontists for quite some time. MT A was recommended to 
them because the substance is a biocompatible material that provides a biological seal. It 
was for this reason that Naik and Hegde (2005) decided to evaluate its efficacy in 
assisting to maintain the partial pulp vitality - that is, as a pulpotomy medicament in 
primary molars. Others have reported its tissue response , cytotoxicity, physical 
characteristics , sealing performance , and mutagenicity potential. 
The chemical composition of MT A powder consists of five substances. These may be 
described as follows (Camilleri et al., 2005): 
• 3CaO.Al2O3 Tricalcium aluminate 
• CaSO4.2H2O Calcium sulfate dihydrate (gypsum) 
• 2CaO.SiO2 Dicalcium silicate 
• 3CaO.SiO2 Tricalcium silicate 
• Bi2O3 Bismuth oxide 
As explained in detail in the Material Safety Data Sheet (MSDS) provided by the 
manufacturer and substantiated by Camilleri et al. (2005) in their study on the 
constitution of mineral trioxide aggregate , MT A powder basically consists of the 
following ingredients: 
• 75% Portland cement clinker , 
• 20% bismuth oxide , and 
• 5% gypsum. 
3.1.2 MTA Properties 
Physical adaptation of the substance to the cavity wall was studied in detail by 
Torabinejad et al. (1995b). The researchers used scanning electron microscopy. 
Specifically , four materials were tested. These included MT A, IRM, amalgam , and 
Super-EBA. Findings from the study reported the superior marginal adaptation of MT A 
when resin replicas were observed of root-end filling surfaces. 
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Sealing ability of MT A has also been studied in detail. An earlier study by Torabinejad 
(1993) investigated microleakage in-vitro , comparing the longitudinal Rhodamine B dye 
penetration. As expected , MT A was proven superior in that the substance was penetrated 
by the dye to the least depth as compared to other substances. Upon questioning the 
micro leakage of the two types of MT A - white and gray - Matt et al. (2004) found that 
the dye extent was the same. In addition , DeBruyne and his associates (2005) concluded 
from their most current longitudinal study on micro leakage of root-end filling materials 
that MT A was far superior to IRM - that is, there was significantly less leakage using 
MTA and more sealability . 
9 
As pertains to pH value , Torabinejad and his associates (1995a) recorded changes in 
alkalinity for 24 hours after mixing water and MT A. Values of ph increased from 10.2 to 
12.5 over a period of three hours . No change was recorded from that time onward. Islam 
et al.(2006) reached the same conclusion from their study comparing the physical and 
mechanical properties of MT A and Portland cement. 
Toxicity and biocompatibility have also been thoroughly investigated in the literature. 
As previously noted , a study conducted by Torabinejad and his associates (1995d) found 
a significantly milder inflammatory response when MT A was implanted into the 
mandible of Guinea pigs as compared to Super EBA . 
A study by Mitchell (1996) confirmed that the Portland cement substance was similar in 
biocompatibility to MTA in-vitro. In fact , both colors of MTA - gray and white - have 
indicated positive biocompatibility. That degree ofbiocompatibility has even increased in 
its positive value over recent years. This was the conclusion reached by Perez and his 
coworkers (2003) in their study of osteoblasts and MG63 osteosarcoma cell behavior 
with white MTA and ProRoot MTA. 
3 .1.3 Setting Time Acceleration 
10 
Popvics (1992) best describes the setting time in his book detailing the properties , 
specifications , and testing of concrete materials. Initially , the mixture of water and 
Portland cement forms a paste with characteristics of plasticity. In time during the second 
phase of the setting experience , plasticity dissipates and is no longer malleable. Setting 
occurs as a result of cement and water reactions. 
The setting phase does not take place in a dry environment , however. It occurs when the 
substance is under water and occurs over time in two phases. The start of the stiffening 
process is the first phase. When elasticity no longer exists , the substance has reached the 
final setting , the second phase. When penetration of the substance is no longer possible , 
the setting time is completed (Popvics , 1992). 
Several studies have been conducted to explore acceleration of the setting time for MT A 
in an effort to improve functioning and increase benefits. One such study was conducted 
by Monts (1999). Specifically , the researcher investigated use of a Portland cement 
accelerator with mineral trioxide aggregate. The purpose of his study was to identify the 
percentage of a Portland Cement Accelerator that would decrease setting time when 
added to MT A. The goal of the investigation was to reduce time to a single appointment 
time frame. 
To achieve the study purpose , sample molds were prepared that contained 10% 
accelerator , 15% accelerator , and no accelerator. Testing was achieved with a dial 
indicator micro gauge apparatus. Depth of needle penetration over time was examined . 
ANOV A was performed on the four accelerator groups. Monts (1999) concluded from 
his results as follows: 
Although previous studies have used Portland Cement as a stand-alone 
material , it is our opinion that the addition of an accelerator separately to 
the mixture of MTA would be more useful. This would give clinicians the 
ability to determine the need for acceleration ... The 5.0% accelerator 
group set significantly faster compared to the 15.0% and the control at 15 
minutes or less (p<0.05). In conclusion , it appears that 5.0% PCA when 
added to MT A can accelerate the setting reaction. 
11 
Abdullah , Ford, Papaioannou, and McDonald (2002) investigated the use of an 
accelerated Portland cement also in an effort to determine healing ability as well as 
cytotoxitiy. Two variants were tested . The results of the investigation found the 
substance to be non-toxic. In addition , it showed the potential for bone healing. No 
studies were found , however , on the specifically examined different particle sizes on the 
physical and chemical properties of experimental mineral trioxide aggregate. 
3.2. Portland Cement 
It was previously noted that three important variables are addressed in the present thesis. 
These include mineral trioxide aggregate , Portland cement, and calcium chloride. Thus , 
the literature must review all three. The discussion and research presented in this section 
12 
focuses on Portland cement. Harrington (2005, p. 4) defines Portland cement as "an 
inorganic cement fired and then made of ground clay and lime which reacts with water to 
produce calcium aluminates and calcium silicates. " 
As explained by the Federal Highway Administration (Portland Cement , 2005), the 
properties of the substance are dependent upon its components both in terms of quality 
and quantity . It has been explained that the present thesis focuses on Type III Portland 
cement and centers on different particle sizes that are used. For this reason some 
background information on Portland cement is now in order to provide the foundation for 
later results and conclusions. 
3 .2.1 Definition , Types and Compositions 
Portland cement was first developed in England by Joseph Aspdin. In 1824 he applied for 
the patent (Popvics , 1992). At that time it was described as a cement of superior quality 
resembling Portland stone. Today it has a more exacting definition. Specifically , Portland 
cement is defined by ASTM C 150 as follows: 
[It is] a hydraulic cement ( cement that not only hardens by reacting with 
water but also forms a water-resistant product) produced by pulverizing 
clinkers consisting essentially of hydraulic calcium silicates , usually 
containing one or more of the forms of calcium sulfate as an inter-ground 
addition. Clinkers are nodules (diameters , 0.2-1.0 inch [5-25 mm]) of a 
sintered material that is produced when a raw mixture of predetermined 
composition is heated to high temperature (p. 1 ). 
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Approximately 95% of the clinkers are comprised of four oxides. These may be listed as 
follows: 
• alumina (Al2O3) 
• lime (CaO) 
• silica(SiO2) and 
• ferric oxide (Fe2O3) 
The remaining 5% consists of impurities such as phosphorous , magnesia , sodium and 
potassium oxides, titanium oxides, and manganese oxides (Popvics, 1992). 
Various compounds are formed between the oxides present in the cement. The major 
phases found in Portland cement include the following: 
• 3CaO.SiO2 Tricalcium silicate( C3S) 
• 2CaO.SiO2 Dicalcium silicate (C2S) 
• 3CaO.Al2O3 Tricalcium aluminate (C3A) 
• 4CaO.Al2O3.Fe2O3 Tetracalcium aluminoferrite (C4AF) 
Harrington (2005) explains that Portland cement sets in a series of stages beginning with 
the dispersion of clinker grain in water. Hydration occurs next, eating into and growing 
14 
out from the surface of each grain. In the next stage, different clinker grains join bringing 
about setting. Hardening with further development of the gel represents the final phase. 
Crystalline particles are disseminated throughout. The forces that bind the 
colloidal particles together in the gel are speculated to be hydrogen bonds , 
WanderWaals forces , ionic attractions and covalent bonds such as Si-O-Si 
bonds. Part of the water will be consumed by the reaction. The other part 
of the water will be trapped in the pores. Evaporation can occur during or 
even after setting. This water that is lost will refill in an "osmotic effect" . 
During setting the continuity of the capillary system is broken. The 
hydration of the powder produces tricalcium silicate , tricalcium phosphate , 
tricalcium oxide and others (Harrington , 2005 , p. 12). 
According to the Federal Highway Administration (2005) , Type III Portland cement is a 
high early-strength cement which causes concrete to set and gain strength rapidly. It 
contains more C3 S than Type I cement. In addition , it consists of a much finer particle 
size which serves to provide a higher surface-to-volume ratio. These particular factors 
speed hydration. The strength gain is about double that of Type I cement in the first 24 
hours. 
Table 1 on the following page provides a listing of the different types of Portland cement 
and their respective uses. The FWHA explains that the distinguishing characteristic 
between types is their composition. As indicated in the listing , there are a total of eight 
different types, the first being the most common type and the third being the type that is 
used when high-speed early strength is required. 
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Type I cement is most frequently used in general concrete construction when the special 
properties necessary for use of types II, III, IV, and V are not required. Type II Portland 
cement is used in general concrete construction that is exposed to moderate sulfate action, 
or where moderate heat of hydration is required. 
Table 1: Portland cement types and their uses 
I Cement type I Use 
r General purpose cement , when there are no extenuating conditions 
I 112 I Aids in providing moderate resistance to sulfate attack 
I III I When high-early strength is required 
I IV3 When a low heat of hydration is desired (in massive 
structures) 
lv4 I When high sulfate resistance is required 
I IA4 A type I cement containing an integral air-entraining 
agent 
I IIA4 A type II cement containing an integral air-entraining 
agent 
I IIIA4 A type III cement containing an integral air-entraining 
agent 
1. Cements that simultaneously meet requirements of Type I and Type II are also widely 
available. 
2. Type II low alkali (total alkali as Na2O < 0.6%) is often specified in regions where 
aggregates susceptible to alkali-silica reactivity are employed. 
3. Type IV cements are only available on special request. 
4. These cements are in limited production and not widely available. 
Source: Portland Cement (2005) FHW A, p. 2. 
Type III, on the other hand , is a high early-strength cement which quickly increases in 
strength during the setting process. This is because the substance is comprised of more 
C3 S as compared to Type I Portland cement. It also provides these characteristics 
because it has a much finer particle size to provide a higher surface-to-volume ratio . 
Finer particles and higher surface ratio significantly increase hydration. As compared to 
Type I, Type III gains strength about twice as fast during the first 24 hours. 
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Type IV Portland cement generates low heat levels during hydration. Of all the types of 
cement , this one develops strength far less quickly as compared to all others. It contains 
about half the C3S and C3A and double the C2S of Type I cement. For concrete 
structures that are exposed to severe sulfate action , Type V Portland cement is ideal. This 
occurs in areas where concrete is exposed to soil and groundwater with a high sulfate 
content. High sulfate resistance is gained by a low C3A content. 
Table 2 on the following page describes the effects of cements on concrete properties. 
The properties include placeability , strength , drying shrinkage , permeability , resistance to 
sulfate , alkali silica reactivity , and corrosion. As explained by the Federal Highway 
Administration (2005) , "Cement composition and fineness play a major role in 
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controlling concrete properties . Fineness of cement affects the placeabilit y, workabilit y, 
and water content of a concrete mixture much like the amount of cement used in concrete 
does " (p. 2). 
The composition of different types of Portland cement is presented in Table 3 for the five 
major types. As indicated , the chemical composition of Type III is 21.3 , 5.1 , 2.3 , 64.9 , 
3.0 , and 3.1 for SiO 2, AhO 3, Fe2O3, CaO , MgO , and SO3, respectively. The phase 
composition of Type III is 56, 19, 10, and 7 for C3S C2S C3A, and C4AF , respectively. 
Table 2: Effects of Cements on Concrete Propertie s 
Cement Property I Cement Effects 
Placeability I Cement amount , fineness , setting characteristics 
Strength Cement composition (C3S, C2S and C3A) , loss on 
ignition , fineness 
Drying Shrinkage I SO3content , cement composition 
Permeability I Cement composition , fineness 
Resistance to sulfate I C3A content 
I Alkali Silic ; Reactivity I Alkali content 
I Corrosion of embedded steel I Cement Composition (esp. C3A content) 
Source: Portland Cement (2005) FHW A, p. 2. 
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Table 3: Typical Composition of Different Types of Portland Cement 
Type of Chemical Co mposition ~/ Phase Composition° / 
Portlan d 
SiOL AIO F,e 0 CaO Mg10 so C,S c .. s CA C,.AF 
Cement 
Typ I 20.9 5.2 2.3 64 . 2.8 2.9 55 19 10 7 
Typ II 21.7 4.7 3.6 63.6 2.9 2. 51 24 6 11 
Typ 11!1 21.3 5.1 2.3 64 .9 3.0 3.1 56 19 10 7 
Type IV 24.3 4.3 4.1 62.3 1.8 1.9 28 49 4 12 
Typ V 25.0 3. 2.8 6 1.9 1.6 38 43 9 
White 24.5 5.9 0.6 ,s:-_o u 1.8 3 46 14 2 
3 .2.2 Admixtures 
An admixture is defined by Harrington (2005) as "a material that is used as an ingredient 
in concrete and is added to the batch immediately before or during mixing" (p. 3). Thus 
it can be said that admixtures are special chemicals that are added to the mix before or 
during mixing. These do not include water, aggregates , or Portland cement. Calcium 
Chloride is considered to be an admixture and is discussed in more detail in a later 
section of this chapter. 
Harrington (2005) points out an admixture which accelerates the set of Portland cement. 
This is the addition of calcium or potassium aluminates. These act directly on cement 
hydration. "The disadvantage of this admixture is a decrease in final compressive 
strength. Thus , an admixture may not only decrease set time but also change the 
compressive strength. Decreasing set time may allow MT A, a Portland derivative , to be 
used as cement for a post " (p. 13). 
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As noted above , admixtures have been used to accelerate the set of Portland cement. 
They are classified according to their functional nature. According to Povics (1992), six 
major classifications have been noted in the literature . These include: 
• Retarding admixtures 
• Superplasticizers 
• Air-entraining admixtures 
• Accelerating admixtures 
• Water-reducing admixtures 
• Miscellaneous admixtures 
Effects vary , depending on the admixture in question. Some influence two or more 
concrete properties , while others not only impact properties , but also have some adverse 
effects on the mixture as well. The greatest influence on the effect ,is however , the 
amount of the admixture as well as the type and the composition of the Portland cement 
itself. 
The benefits of admixtures are clear. As explained by Rixom (1992) , they alter the 
properties of concrete in cold weather and they reduce the time for proper curing and 
protection. In addition , they also impact the rate of development of early strength of the 
substance. Rixom (1992) also explains that admixtures are basically grouped according 
to their chemical composition. There are three basic divisions. These may be listed as 
follows: 
• soluble organic compounds such as triethanolamine, calcium formate, 
and calcium acetate, for example; 
• soluble inorganic salts such as calcium chloride, carbonates, fluorides, 
aluminates, and ferric salts; and 
• miscellaneous solid materials which are infrequently used. 
3 .3 Bioactive Glasses 
3.3.1 Description and Uses 
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Bioglass is a bioactive bioceramic. It has been and continues to be used for tissue 
replacement and has experienced a great deal of success in the last two decades. As a 
bioactive material, it has great possibilities as implant material, according to Schrooten 
and Helsen (2002). "Reactive plasma spraying produces an economically feasible BAG-
coating for Ti6A14V oral implants" (p. 1461). 
Bio glass belongs in a family of bioactive glasses and all family members consist of the 
following chemicals (but in different proportions): SiO2, Na 2O, CaO and P2O5_ The 
proportions of these components differ based on the type and brand of the glass , thus 
giving them different properties. 
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3.3.2 Advantages and Types 
One advantage ofbioglass is that it bond s spontaneousl y to living bone , similar to glass-
ceramic A-W and sintered hydroxyapatite. Bioglass forms a bone-like apatite layer on 
their surfaces in the living body. The material bond s to bone through this apatite layer. As 
explained by Kokubo et al. (2003), functional groups such as Si-OH , Ti-OH , Zr-OH , Nb-
OH, Ta-OH , -COOH , and PO(4)H(2) induce the development of bone-like apatite on 
artificial material. The SiO2-Na2O-CaO ceram ics are usuall y called glass. These silica 
glasses are extremel y bioinert , are weak and shatter easily. When P2O5 is assseed to the 
SiO2-Na2O-CaO matri x, this makes the glass extremel y bioacti ve. 
Bioacti ve glasses are used as bone-graft substitutes , as they show high positi ve 
biocompatibilit y in both soft tissue and bone (Woodward, 1999). Bioactive glasses are 
also described as osteoconductive materials that are surface -active. They are able to form 
a chemical bond with bone with very little or no inflammatory response in surrounding 
tissue. The formation of a hydroxycarbonate apatite layer on the bioactive glass surface 
allows the bonding of bone to bioactive glass. 
The way in which bioactive glass behaves is related to the composition of the glass, the 
surface layers of the glass , the temperature and the surrounding pH. Bioactive glass may 
be classified into five different types , as dependent upon the way in which their surface 
reacts. The first two (Types I and II) are inert, while the third is bioactive because a Ca-P-
reaction layer is developed on a silica - rich surface. The fourth is resorbable. Although a 
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silica-rich layer develops on the glass surface , the silica content is too low. Thus the 
glass dissolves. The final type (Type V) differs in that it is complete ly soluble. Bioactive 
glasses have been used for many years in surgical and orthopedic proce dures. These 
materials have been used with great success in dentistry and oral/maxillofa cial surgery 
(Wilson et al., 1994). 
As reported by Wang (2003) , one particular advantage of bioglass is its ability to bond to 
soft and hard tissue. A primary disadvantage , however , is its low fracture toughness as 
well as its mechanical weakness. The bending strength is not suitable for major load 
bearing applications because it is in the range of 40-60 MPa. However , an applicable 
glass can be converted into glass crystal composites containing crystalline phases via a 
heat treatment. 
The resultant glass-ceramic can have superior mechanical properties 
compared to the parent glass as well as to sintered crystalline ceramics. 
The bioactive A-W glass-ceramic is thus made from the parent glass in the 
pseudotemar y system 3CaO, P2O5 , CaO , SiO2, MgO _,CaO , 2SiO2 , 
which is produced by the conventional melt-quench method " (Wang , 2003, 
p. 2135). 
3 .3 .3. Bioactive Inorganic Element 
A number of mechanical properties may be associated with bioactive materials , but some 
pertain to specific applications , however (Wang, 2003). Common to all bioactive 
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materials is the need for strong and stiff materials that are reasonablly ductile . One of the 
more important mechanical properties of bioactive materials is its ability to form a direct 
bond between the implant and the bone. 
Another type of bioactive glass - Bioactive Inorganic Element (BIE) , in combination 
with MT A, is being evaluated for scaffolding with regard to bone regeneration and 
tissue engineering. BIE is a type of bioactive glass developed at Boston University. Its 
osteogenic effects in combination with MT A are specifically being evaluated . It is 
possible that the addition of BIE to mineral trioxide aggregate will increase expression of 
osteocalcin and alkaline phosphatase of human osteoblasts. 
3 .4 Calcium Chloride 
3.4.1 Definitions and Use of Admixture 
Calcium chloride has been defined as "a soluble salt admixture which accelerates the set 
time of Portland cement " (Harrington , 2005 , p . 3). It represents one answer to the slow 
setting process of Portland cement. As reported by Ramachandran (1984 ), calcium 
chloride can result in a fifty percent reduction in both the initial phase and the final 
setting of Portland cement. 
Ramachandran (1984) also believes that calcium chloride may combine with cement 
minerals and crystallize the silicates faster , thereby increasing the rate hydration of the 
calcium silicates. This , in tum , decreases permeability while at the same time increasing 
compressive strength. On the opposite side is a decrease in the final compressive 
strength of this admixture . In other words , a significant improvement can be realized 
during the early stages by addition of calcium chloride in terms of compressive , tensile , 
and flexural strengths of concrete because increasing calcium chloride concentration 
increases the rate of heat evolution and intensifies the peak. 
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It is clear to see that calcium chloride may have two effects on the substance - allowing 
for a decrease in set time , but altering the compressive strength. Decreasing set time may 
allow MT A, a Portland derivative , to be used as cement for a post , according to 
Harrington (2005). Again during the early stages of setting the drying shrinkage of 
concrete is increased as a result of increased hydration rate. 
3.4.2 Medical Applications with MTA 
As previously noted , MT A has been shown to be highly biocompatible , to form fibroblast 
attachments , and to promote bone healing. But it has a major disadvantage as a 
restorative material - its long setting time of two hours and 45 minutes. Harrington (2005) 
points out that MTA is 75% Portland cement. Abdullah et al. (2003) reported the setting 
time of Portland cement was successfully reduced by adding calcium chloride.(12) 
The study conducted by Harrington (2005) specifically examined post retention with 
MT A and accelerated Portland cement after completing a trial that showed CaC12 
accelerated the set of Portland cement. In her experiment , 40 single rooted teeth were 
treated with endodontic therapy and post-prepared. Two time periods were assessed- 72 
hours and 28 days. Posts were cemented with MT A, Portland cement with 10% CaC12, 
15% CaC12 and zinc phosphate. Mechanical testing identified the forces needed to 
dislodge the posts . Zinc phosphate had a higher resistance to dislodgement than MT A 
during both time periods at the .05 level of probability . 
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According to Ramachandran and Beaudoin (2001 ), calcium chloride should not come 
directly into contact with cement. Such contact could result in flash set and premature 
reactions. In most cases, the technique that is safest is to add the substance to water 
before mixing. It can also be added to the aggregates in the mixer drum during mixing if 
dry calcium chloride is used. It can also be added to the water and mixed cement prior to 
discharge. 
4. OBJECTIVES OF THE STUDY 
The objective of the present research was to evaluate the effect of particle size on the 
physical and chemical properties on mineral trioxide aggregate.. Specific goals of this 
research were as follows: 
Study Objective I: 
To compare the particle size and morphology that is, the form and structure of the cement 
used in this investigative research project. 
Study Objective II: 
To determine the effects of varying sizes of mineral trioxide aggregate on the physical 
properties and to compare the type 3 Portland cement. 
Study Objective III: 
To determine the effects of varying sizes of mineral trioxide aggregate on the chemical 
properties to compare the type 3 Portland cement 
Study Objective IV: 
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To compare different particle size to each other as pertains to the chemical and physical 
composition of mineral trioxide aggregate prepared in-house for use in this research 
project. These include particle size 150 microns , particle size 75-90 microns , and particle 
size less than 50 microns to a control group type 3 Portland cement. 
5. MATERIALS AND METHODS 
5 .1. Materials 
Listed in the following tables are the materials and equipment used during this 
investigative research project. 
Table 5.1 List of Materials 
Material 
Portland Cement Type 3 
Type 3 and Type 3 with 
Different Particle Sizes 
Bismuth oxide 
Terra alba 
Amount 
187.5 mg 
50.0 mg 
12.5 mg 
Manufacturer/ Lot Number 
Location 
Lafarge, NA 
Herdon, VA 
Ferro Electric 
US Gypsum Co. 
Chicago, IL 
NIA 
#120321 
#198939 
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Table 5.2. List of Equipment. 
Table 5-2 List of Equipment 
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Table 5.3. List of Powders 
Group# % Group Type Portland 
Cement 
1 Control group type 3 
2 Experimental type 3 
cement 
3 Experimental type 3 
cement 
4 Experimental type 3 
cement 
Powders used in this study included the following: 
• Control group type 3 Portland cement. 
• Cement with particle size 150 microns 
• Cement with particle size 75-90 microns 
• Cement with particle size <50 microns. 
5 .2 Methods and Means 
Particle Size 
150 microns 
75 - 90 microns 
<50 microns 
The methods and means of the present investigation involve the following: 
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• specimen preparation , 
• comparison of particle size and morphology , 
• energy dispersive x-ray analysis , 
• setting time 
• biaxial flexural strength 
• microleakage , 
• pH, and 
• statistical analyses. 
5 .2.1 Specimen Preparation 
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Specimen preparation involves the preparation of both the powder and the sample. 
Preparation of the sample includes the materials listed in Table 5-1 on the previous page. 
The steps in the preparation were as follows: 
1. Each sample batch was made by mixing 5 gms of the prepared specimen powder 
with 1.5 gms of de-ionized water which were weighed on a digital weighing 
machine. 
2. A glass slab and a steel spatula which were kept at 3 7° C and 100% humidity at 
all times were used to mix the sample. 
3. The mixture was mixed for a period of 60 seconds and loaded into the 3 molds at 
a time over 80 seconds. 
4. Five to six specimens were prepared for each sample. 
In summary , all of the samples were prepared by hand-mixing the powder with 3 7° C 
deionized water on a glass slab. The armamentaria used for the mixing process were kept 
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in a 3 7° C oven and 100% humidity at all times. Sample weights as well as the sequence 
and speed of mixing were also kept constant. This was true for the entire time of the 
experimentation. It is also important to mention that the ratio of water was measured on 
a daily basis and held constant. 
5 .2.2. Comparison of Particle Size Morphology 
The powder to be analyzed was sputter coated on a glass slide and picked up with double 
sided carbon tape applied to the scanning electron microscope (SEM) studs. After the 
excess powder was gently tapped off, the samples were sputter coated with Au/Pd and 
examined with a SEM. These tests were undertaken to determine the particle size of the 
Type 3 Portland cement. See Figures 1-4 on the following pages. Cements that were 
analyzed included the following : 
• control group 
• 50 microns 
• 75-90 microns 
• 150 microns 
Figures 5 .1 through 5 .4 indicate particle size 
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Figure 5.1. Illustration of the Control Group(particle size range 1-20 microns). 
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Figure 5.2. Illustration of the 50 micron Size Powder(particle size rangel-16 microns). 
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Figure 5.3. Illustration of the 75 micron Powder(particle size range 4-18 microns). 
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Figur e 5.4. Illustration of the 150 micron Powder(particle size 9-20 microns). 
5.2 .3 Energy dispersive x-ray analysis 
With regard to the distribution of elements in the samples , the composition and the 
distribution of the various elements were analyzed by Energy Dispersive X-Ray 
Spectroscopy. Spectroscopy results are provided in graphic form in the display in this 
report. 
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The elemental composition of powders that are the control group ( which is the powder 
that is not sieved) , powder with particle size 50 microns , powder with particle 75-90 
microns and powder with particle size 150 microns was analysed via Energy Dispersive 
X-ray spectrometry. The powders were made into samples just as the samples were 
prepared for all the other experiments (refer to 5.2.1 specimen preparation) and then 
mounted on SEM stubs with a multipurpose glue and sputter-coated with gold. EDX 
analysis was performed with the INCA detection analysis system (Oxford Instruments , 
High Wycombe , England). 
The pictures on the following pages depict the Energy Dispersive X-ray spectrometry. 
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Figure 5. 2. 3. Energy Dispersive Spectometry 
Bar Graph Illustrating the elements present. 
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Figure 5.2.4. Setting Time. 
Setting time was classified into two different time periods. 
1. Initial set: Occurs when the paste begins to stiffen considerably. 
2. Final set: This phase is entered and occurs when the cement has hardened to 
the point at which it can sustain some load. 
The setting time was determined according to a method similar to ISO 6876 
(specification for dental root canal sealing materials). Three Delrin ® molds were used to 
hold the specimens , with each mold containing three identical 15 mm diameter and 4 mm 
deep wells (Figure 5-1). To make sure that the same conditions were maintained at all 
times molds were cleaned and rinsed with deionized water in between each experiment. 
The molds , glass slab , spatula , and deionized/purified water container were kept in a 3 7° 
C oven for one hour prior to the start of each experiment. To insure consistency the 
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mixing of each sample was timed with a stopwatch (VWR International, West Chester, 
PA) and standardized for all of the groups. Pre-measured powders with different particle 
sizes were added to bisumuth oxide , gypsum and purified iodized water were mixed and 
packed into the delrin molds. This was done over a period of 90 seconds. The mix was 
immediately packed in the three wells of the Delrin® mold. The packing was done 
incrementally and timed to be 10 seconds per each well (30 seconds total time) . 
The mixing of the 50 micron powder, 75-90 micron powder and> 150 microns , and the 
Control groups was performed by addition of water to the premixed aggregates and 
spatulation for 90 seconds , followed by transfer time of 30 seconds. A standardized 120 
seconds working time was used for all samples. Extreme care was used during the 
placement to minimize and hopefully prevent any internal voids. The surface of the 
samples were planed to be flush with the surface of the mold using a single edge razor 
blade (VWR International , West Chester, PA). It was at this time the stopwatch was reset 
to zero and experiment measurements commenced. 
Testing of the prepared samples was performed using a Mitutoyo F-150E digital dial 
indicator (MTI Corp. , Aurora, IL) with a tip diameter of 1.5 mm and tip force of 120 g. 
Before testing , the height of the dial indicator unit was adjusted on its pole to allow for 
the tip to reach the bottom of the wells. This exact height position was recorded on the 
pole with a magic marker. The position of the pole was verified before beginning each 
test. The samples were mixed and carefully loaded into the mold. While the digital 
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readout was set to zero (Figure 5-2), the dial indicator tip was raised against the 
resistance of its internal spring and rested on the edge of the mold adjacent to the 
specimen surface. At the appropriate time interval (Tables 6-6 through 6-18) , the tip was 
raised and gently lowered onto the specimen surface . When the tip had penetrated for 10 
seconds , a reading was recorded. The final reading was recorded when the displacement 
of the tip was less than 0.01 mm in 10 seconds in three different trials. In between 
measurements, the samples were stored in a leak-proof plastic container lined with moist 
paper towels under a moist sponge at 37° C and 100% humidity. Figure 5.6 is a picture 
of the setting time test apparatus. 
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Figure 5. 6. Dial Indicator Set Up. 
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5.2.5. Biaxial Flexural Strength: 
The flexural strength of the specimens after 10 days, and 3 0 days of storage in 3 7° C at 
100% humidity was examined via a biaxial flexure test similar to ISO 6872 and ASTM 
F394-78. The preparation of the specimens was performed according to the same method 
described in section 5.2.4, with the exception that the mold used in this experiment was 
fabricated from a block of Teflon® (6 cm x 15 cm x 1.4 cm). The mold contained 12 
wells , each 15 mm diameter and 2 mm deep (Figure 5-3). Five separate batches of 
material were prepared for each experimental group. Each batch consisted of filling three 
wells at a time. The molds were placed in a leak-proof plastic container lined with moist 
paper towels under a moist sponge at 3 7° C and 100% humidity to preserve the integrity 
of the batch until needed for testing . After 24 hours the specimens were removed from 
the molds and transferred to a disposable polystyrene dish (Fisher Scientific , Springfield , 
NJ) , but kept in the same temperature and humidity conditions until tested. 
See Figure 5.7 Teflon Mold to make samples: 
12 wells: 
15 mm diameter , 
2 mm deep 
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Figure 5. 7. Teflon Mold. 
The specimens were visually examined and any specimens with bubbles or other defects 
were removed. The ten best specimens were selected for the experiment. The diameter 
and thickness of each test specimen was measured with a digital caliper (SPI , Garden 
Grove , CA) prior to testing. A universal testing machine (lnstron 4202 , Canton , MA) 
with a 1.0 kn load cell was used at a crosshead speed of 0.500 mm/min . The disc-shaped 
specimen was loaded onto a jig (Figure 5-4) with three steel spheres (2.4 mm diameter) 
positioned 120 degrees apart on an 8.4 mm diameter circle and flat push rod (1.5 mm 
diameter). Ten specimens were tested for each group with all of the tests being performed 
at room temperature. 
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Figure 5.8. Picture of Universal Testing Machine. 
Data acquisition and calculations were performed using analyzing software (Series IX, 
Instron). The biaxial flexural strength was calculated according to the following equation: 
S = - 0.2387 P (X-Y) / d2 
where 
S is the maximum center stress, in megapascals; 
P is the total load causing fracture, in newtons; 
X = (1 +v) In (r2 / r3)2 + [(1-v) / 2] (r2 / r3)2 
Y = (1 +v) [1 + In (r1 / r3)2] + (1-v) (r1 / r3)2 
in which 
v is Poisson ' s ratio; the value for this study was 0.23 ; 
r1 is the radius of support circle , in millimeters ; 
r2 is the radius of loaded area , in millimeters ; 
r3 is the radius of specimen , in millimeters; and 
d is the specimen thickness at fracture origin , in millimeters. 
Raw data for biaxial flerural strength: 
Me~l0days SDl0deys Mean 30 days SD 30 days 
Control 0.130 0.039 0.077 0.022 
50 µm 0.217 0.029 0.136 0.051 
75-90 µm 0.220 0.029 0.204 0.022 
150 µm 0.129 0.019 0.101 0.023 
The time intervals of the study may be identified as follows: 
• 10 days 
• 30 days 
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5.2.6. MICROLEAKAGE 
Microleakage was undertaken using the apparatus as shown in the figure on the following 
page . As indicated in the flow chart drawing , N2 gas under the pressure of 80 psi was 
circulated through a reservoir of deionized water . The water was then directed through 
the acrylic blocks that were connected through capillary tubing containing an air bubble. 
Movement of the air bubble was measured over a time span of 60 minutes. In addition , it 
is important to note that a six-outlet manifold was also used for the purpose of testing 
multiple specimens simultaneously. The following figure and picture are representations 
of equipment used during this experiment. 
ren Ink 
Figure 5. 9 Micro leakage Testing Apparatus 
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Figure 5.10. Pressurized Water Reservoir 
Figure 5.11. Coupled Specimen 
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Figur e 5.12. Six-Outlet Manifold with Coupled Specimens . 
Simulated root canals were prepared by trimming 1/4-inch-diameter acrylic rods with a 
computer-controlled lathe (Emco Compact 5 CNC, Columbus , OH) to lengths of 3.0 cm 
and diameters of 6.2 mm. A through-and-through canal with a uniform diameter of 1.0 
mm along with a root-end preparation with an internal diameter of 3.0 mm and depth of 
3.0 mm was drilled into each acrylic replica (Figure 5-8) the root-end preparations were 
restored with powders that are the control group, powder with particle size 50 microns , 
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Figure 5.13. Preparation of Acrylic Replica. 
After connecting the acrylic tooth replicas to the test apparatus , a 2-minute pressurization 
preload was performed before the start of each trial to examine for any possible leaks and 
to allow for relaxation of the tubing. An air bubble was introduced into the outlet tube via 
a small gauge hypodermic needle , then the pressure was again turned on. Linear 
displacement of the air bubble was observed against a ruler with 1 mm increments. The 
leakage of each sample was measured over a period of 60 minutes , with a digital 
stopwatch being used to time each trial. Measurements were taken of each group at the 
following time intervals: 24 hours , 1 week , 2 weeks , 3 weeks , 4 weeks. Between the 
readings the samples were stored in 100% humidity at 37° C. The flow rate of water 
(ml/h) through the apical plug was determined according to the following equation: 
FlowRate = (r2n x D)/ t 
where 
r is the internal radius of the capillary , in centimeters; 
D is the displacement of the air bubble , in centimeters; and 
t is the elapsed time , in hours. 
5.2.7 Recording the pH 
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To record the pH, the molds were stored for four hours in 37°C and 100% humidity. The 
specimens were then transferred to 50 ml disposable tubes with 20cc deionized water at 
37°C. The pH was measured with precalibrated pH-meters at two hours , two days, seven 
days, and 21 days of immersion. Prior to measurement , the vials were placed on a shaker 
for five minutes at 200 rpm. 
5 .3. Statistical Analysis 
The tool that was selected as being most appropriate for analyzing the data was one-way 
analysis of variance (ANOV A). Statistical significance was determined from the one-way 
ANOVA at 95% confidence intervals (p<0.05). Significance is always determined by 
probability level. The resulting value of the computation is compared to a table of values 
at either the .05 or .01 level of probability (in the present case, the limit was set at .05). If 
the resulting computational value was greater than the critical value at the .05 level of 
confidence , it can be concluded that there were genuine population differences and that 
differences were not found simply by chance , with a 95 percent confidence level. 
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When a significant difference was found , Tukey ' s "honestly significant difference " (HSD) 
test was used to ascertain where the difference may or may not have occurred. All of the 
results are expressed in terms of mean value ± standard error of the mean. GraphPad 
Prism version 4.02 for Windows (GraphPad Software , San Diego , CA) was used to 
analyze all of the data in this study. 
6. RESULTS 
6.1. Setting Time 
Table 6-1 on the following page shows the raw data for the setting time for the control 
and experimental groups. It presents setting time across 10 samples , as well as descriptive 
statistics for setting time within each group. As indicated in the table listing , the highest 
mean setting time was for the control group (M=440 .00 minutes , SD=13.33 minutes). 
For the remaining groups , setting time increased with microns. In other words , the lowest 
mean setting time was for the 25-50 me group (M=148 .00, SD=13.98) , followed by the 
75-90 me group (M=244 , SD=18.38) , with the >150 me group having the longest setting 
times of the three experimental groups (M=368.00 , SD=l0.33). Figure 6-1 shows these 
results graphically. 
A one-way ANOV A was performed to compare the four groups in terms of mean setting 
times , and the results are shown in Table 6-2. The ANOVA was statistically significant , 
F(3,36)=822.78 , p<.001. The results indicate that the differences between the groups in 
terms of setting time were statistically significant. Tukey ' s Honestly Significant 
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Difference (HSD) tests were then performed to compare each pair of groups , with results 
shown in Table 6-3. As can be seen, each group was significantly different from each 
other group (all ps<.001). 
Table 6.1. Setting Times for Control and Experimental Groups 
Setting Time (minutes) 
25-50 µm 75-90 µm >150 µm 
Sample Control 
1 460 160 220 380 
2 440 160 220 360 
3 440 160 220 360 
4 440 140 260 360 
5 460 140 260 380 
6 440 140 240 360 
7 420 160 240 380 
8 420 140 260 360 
9 440 160 260 380 
10 440 120 260 360 
Number of Values 10 10 10 10 
Minimum 420.00 120.00 220.00 360.00 
25% Percentile 435.00 140.00 220.00 360.00 
Median 440.00 150.00 250.00 360.00 
7 5% Percentile 445.00 160.00 260.00 380.00 
Maximum 460.00 160.00 260.00 380.00 
Mean( minutes) 440.00 148.00 244.00 368.00 
Std. Deviation 13.33 13.98 18.38 10.33 
Std Error 4.22 4.42 5.81 3.27 
Lower 95% CI of 430.46 138.00 230.85 360.61 
mean 
Upper 95% CI of mean 449.54 158.00 257.15 375.39 
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Average Setting Time by Group 
4 
3 25-50 µm 
Error Bars show Mean +/- 1.0 SE 
75-9oµm 111 
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Figure 6.1. Setting Time by Group 
Table 6.2. ANOVA Comparing Groups on Mean Setting Time. 
s 
fl F p 
8 8 3 
w 0 6 4 
ii 9 
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Table 6.3. Tukey HSD Follow Up Tests for ANOVA Comparing Groups on Mean Setting 
Time. 
Multiple Comparisons 
Dependent Variable: Setting Time 
Tukey HSD 
Mean 
Difference 
(I) Group (J) Group (I-J) 
>150 µm 75-90 µm 124.00* 
25-50 µm 220.00* 
Control 
-72.00* 
75-90 µm >150 µm -124.00* 
25-50 µm 96.00* 
Control -196 .00* 
25-50 µm >150 µm -220.00* 
75-90 µm -96.00* 
Control -292 .00* 
Control >150 µm 72.00* 
75-90 µm 196.00* 
25-50 µm 292.00* 
Std. Error 
6.39 
6.39 
6.39 
6.39 
6.39 
6.39 
6.39 
6.39 
6.39 
6.39 
6.39 
6.39 
*. The mean difference is significant at the .05 level. 
6.2. Penetration by Setting Time 
p 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
95% Confidence Interval 
Lower Bound Upper Bound 
106.78 141.22 
202 .78 237.22 
-89.22 -54 .78 
-141.22 -106.78 
78.78 113.22 
-213.22 -178.78 
-237.22 -202.78 
-113 .22 -78.78 
-309.22 -274.78 
54.78 89.22 
178.78 213.22 
274.78 309 .22 
Tables 6-4 through 6-7 on the following pages show the raw penetration levels for the 10 
samples of the present investigative study as a function of setting time and group. 
Specifically , Figures 6-2 through 6-5 show the relationship between time and penetration 
level for the four groups. 
Table 6.4. Raw Data of the Penetration (mm) By Setting Time (minutes) for the Control 
Group. 
Control Group 
Sample 1 2 3 4 5 6 7 8 9 10 
Setting Penetration 
Time (min) (mm) 
1 3.47 3.68 3.22 3.55 3.34 3.47 3.23 3.42 3.56 3.66 
2 3.26 3.25 2.39 3.22 3.12 3.17 3.25 3.09 3.11 3.12 
4 2.77 3.17 1.5 2.89 2.77 2.76 3.18 2.71 2.79 2.77 
6 2.65 2.87 1.96 1.76 2.54 2.64 2.66 2.44 2.33 2.34 
8 1.95 2.51 1.11 1.99 1.99 1.97 1.98 1.92 1.99 1.76 
10 1.92 2.25 1.54 1.82 1.91 1.92 1.92 2.17 2.13 1.77 
15 0.88 1.8 1.17 1.16 0.85 0.98 0.85 1.09 1.92 1.99 
20 0.88 0.75 1.17 1.01 0.85 0.97 0.83 0.92 0.99 0.98 
30 0.98 0.83 1.29 0.99 0.92 0.98 0.99 0.92 0.98 0.78 
40 0.51 1.39 1.41 1.12 0.9 0.52 1.29 1.11 1.11 0.78 
50 0.99 0.43 1.52 0.97 0.88 0.97 1.41 0.97 0.92 0.99 
60 0.86 0.86 1.29 1.11 0.63 0.87 1.22 0.97 0.88 0.82 
80 0.67 0.47 0.68 0.76 0.84 0.66 0.98 0.72 0.71 0.72 
90 0.92 0.4 1.5 0.64 0.88 0.92 0.86 0.87 0.89 0.88 
110 0.67 0.36 0.46 0.55 0.67 0.67 0.68 0.58 0.55 0.56 
120 0.59 0.35 0.36 0.55 0.55 0.59 0.59 0.51 0.51 0.43 
140 0.59 0.5 1.12 0.44 0.43 0.59 0.55 0.6 0.66 0.69 
160 0.59 0.55 0.87 0.51 0.51 0.59 0.48 0.58 0.52 0.56 
180 0.57 0.44 1.36 0.52 0.63 0.57 0.48 0.63 0.52 0.55 
200 0.56 0.46 0.35 0.49 0.55 0.57 0.44 0.48 0.41 0.39 
220 0.33 0.3 0.53 0.43 0.52 0.55 0.42 0.44 0.42 0.23 
240 0.24 0.42 0.22 0.23 0.34 0.44 0.42 0.38 0.33 0.33 
260 0.25 0.27 0.32 0.23 0.33 0.42 0.39 0.44 0.44 0.42 
280 0.36 0.31 0.78 0.4 0.22 0.31 0.34 0.56 0.32 0.31 
300 0.19 0.28 0.29 0.39 0.34 0.29 0.29 0.39 0.31 0.31 
320 0.28 0.32 0.55 0.33 0.31 0.22 0.25 0.33 0.35 0.29 
340 0.41 0.26 0.32 0.29 0.28 0.25 0.22 0.32 0.32 0.23 
360 0.58 0.27 0.26 0.26 0.25 0.19 0.17 0.22 0.21 0.19 
380 0.36 0.22 0.19 0.19 0.18 0.15 0.12 0.09 0.19 0.12 
400 0.21 0.09 0.08 0.07 0.06 0.09 0.04 0.05 0.03 0.06 
420 0.11 0.05 0.02 0.01 0.02 0.02 0 0 0.01 0.03 
440 0.02 0 0 0 0.01 0 0 0 0 0 
460 0 0 0 0 0 0 0 0 0 0 
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Table 6.5. Raw Data of the Penetration (mm) By Setting Time (minutes) for the 25-50 
micron Group. 
25-50 µm Group 
Sample 1 2 3 4 5 16 7 8 9 10 
Setting Penetration 
Time (min) (mm) 
1 0.82 1.55 0.91 0.76 0.82 0.79 0.88 1.43 0.72 0.79 
2 0.76 1.48 0.77 0.67 0.65 0.62 0.76 0.92 0.66 0.62 
4 0.61 0.95 0.52 0.53 0.55 0.54 0.56 0.59 0.53 0.55 
6 0.59 0.9 0.68 0.49 0.44 0.48 0.62 0.47 0.42 0.44 
8 0.59 0.82 0.65 0.35 0.33 0.34 0.65 0.44 0.35 0.43 
10 0.57 0.64 0.62 0.32 0.3 0.3 0.64 0.44 0.33 0.3 
15 0.57 0.64 0.46 0.29 0.27 0.28 0.47 0.31 0.28 0.29 
20 0.56 0.51 0.41 0.22 0.21 0.22 0.41 0.29 0.22 0.23 
30 0.56 0.42 0.29 0.19 0.18 0.17 0.28 0.18 0.19 0.18 
40 0.56 0.37 0.26 0.15 0.14 0.15 0.25 0.12 0.15 0.12 
50 0.44 0.22 0.19 0.15 0.13 0.11 0.18 0.15 0.15 0.12 
60 0.44 0.22 0.15 0.12 0.12 0.1 0.16 0.12 0.09 0.1 
80 0.26 0.22 0.08 0.1 0.09 0.9 0.09 0.1 0.03 0.09 
90 0.13 0.18 0.07 0.09 0.08 0.9 0.07 0.04 0.02 0.09 
110 0.08 0.09 0.06 0.05 0.41 0.3 0.05 0.01 0.22 0.02 
120 0.05 0.04 0.05 0.03 0.02 0.1 0.02 0.01 0.02 0 
140 0.03 0.02 0.01 0 0 0 0.01 0 0.02 0 
160 0 0 0 0 0 0 0 0 0 0 
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Table 6.6. Raw Data of the Penetration (mm) By Setting Time (minutes) for the 75-90 
micron Group. 
75-90 µm Group 
Sample 1 2 3 4 5 16 7 8 9 10 
Setting 
Time Penetration 
(min) (mm) 
1 2.4 2.4 2.2 2.34 2.22 2.45 2.87 2.99 2.49 2.53 
2 1.3 1.2 0.9 2.04 1.91 2.01 1.19 2.4 1.99 2.04 
4 0.66 0.9 0.9 1.75 1.62 1.68 1.12 1.89 1.66 1.99 
6 0.65 0.9 0.66 1.63 1.39 1.35 0.98 1.66 1.56 1.54 
8 0.65 0.95 0.65 1.57 1.22 1.21 0.65 1.59 1.23 1.22 
10 0.55 0.75 0.61 1.03 1.01 0.99 0.63 1.03 1.09 1.23 
15 0.55 0.43 0.6 0.93 0.94 0.85 0.66 0.99 0.94 0.98 
20 0.55 0.41 0.59 0.84 0.89 0.7 0.56 0.85 0.99 0.72 
30 0.54 0.4 0.55 0.76 0.89 0.65 0.54 0.77 0.88 0.67 
40 0.5 0.39 0.56 0.76 0.71 0.65 0.54 0.76 0.75 0.56 
50 0.44 0.39 0.5 0.68 0.63 0.59 0.59 0.69 0.62 0.59 
60 0.44 0.39 0.45 0.55 0.52 0.55 0.44 0.52 0.06 0.42 
80 0.32 0.31 0.32 0.49 0.51 0.49 0.31 0.44 0.56 0.49 
90 0.31 0.3 0.32 0.41 0.45 0.4 0.39 0.44 0.44 0.44 
110 0.29 0.27 0.22 0.34 0.37 0.38 0.21 0.39 0.33 0.32 
120 0.28 0.22 0.22 0.28 0.31 0.33 0.22 0.29 0.32 0.21 
140 0.26 0.2 0.21 0.21 0.22 0.29 0.21 0.21 0.21 0.27 
160 0.16 0.18 0.14 0.15 0.18 0.17 0.09 0.15 0.19 0.19 
180 0.09 0.15 0.04 0.11 0.09 0.11 0.03 0.19 0.05 0.12 
200 0.03 0.02 0.01 0.09 0.05 0.06 0.02 0.09 0.04 0.09 
220 0 0 0 0.06 0.05 0.03 0.01 0.04 0.05 0.04 
240 0 0 0 0.03 0.02 0 0 0.02 0.02 0.02 
260 0 0 0 0 0 0 0 0 0 0 
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Table 6. 7. Raw Data of the Penetration (mm) By Setting Time (minutes) for the> 150 
micron Group. 
> 150 µm Group 
Sample 1 2 3 4 5 16 7 8 9 10 
Setting Penetration 
Time (min) (mm) 
1 2.74 2.67 2.42 2.64 2.56 2.55 2.76 2.78 2.49 2.99 
2 1.27 1'.88 1.91 1.37 1.98 1.68 2.22 1.98 1.33 2.34 
4 1.21 1.69 1.45 1.31 1.71 1.98 1.45 1.55 1.78 1.55 
6 0.84 1.21 1.11 0.94 1.21 1.29 0.99 1.34 1.23 1.23 
8 0.63 1.12 0.95 0.66 1.23 1.11 0.76 1.15 0.99 0.99 
10 0.58 0.92 0.86 0.59 0.92 0.92 0.82 1.22 0.88 0.92 
15 0.21 0.77 0.76 0.28 0.98 0.89 0.76 0.77 0.77 0.72 
20 0.29 0.81 0.56 0.29 0.81 0.76 0.29 0.81 0.56 0.57 
30 0.12 1.04 0.58 0.11 1.05 0.56 0.13 1.14 0.59 0.53 
40 0.27 0.55 0.66 0.28 0.55 0.66 0.33 1.05 0.62 0.69 
50 0.34 0.55 0.64 0.34 0.59 0.56 0.34 0.66 0.64 0.62 
60 0.13 0.44 0.69 0.12 0.44 0.61 0.15 0.44 0.66 0.69 
80 0.08 0.32 0.56 0.09 0.33 0.56 0.19 0.32 0.53 0.59 
90 0.33 0.66 0.31 0.35 0.66 0.45 0.33 0.67 0.46 0.33 
110 0.12 0.46 0.31 0.17 0.46 0.31 0.22 0.48 0.32 0.35 
120 0.24 0.24 0.68 0.26 0.28 0.68 0.26 0.25 0.66 0.66 
140 0.12 0.34 0.39 0.15 0.37 0.39 0.25 0.35 0.42 0.41 
160 0.27 0.4 0.45 0.29 0.44 0.34 0.27 0.44 0.45 0.45 
180 0.16 0.33 0.25 0.18 0.33 0.28 0.19 0.32 0.25 0.22 
200 0.29 0.41 0.26 0.29 0.52 0.22 0.22 0.42 0.26 0.24 
220 0.25 0.17 0.4 0.29 0.19 0.44 0.25 0.19 0.46 0.23 
240 0.21 0.16 0.32 0.25 0.16 0.32 0.19 0.16 0.32 0.31 
260 0.17 0.12 0.24 0.15 0.15 0.23 . 0.17 0.15 0.25 0.22 
280 0.13 0.1 0.16 0.12 0.1 0.18 0.11 0.09 0.19 0.17 
300 0.1 0.06 0.09 0.09 0.06 0.07 0.1 0.06 0.11 0.03 
320 0.09 0.03 0.05 0.09 0.02 0.01 0.03 0.02 0.09 0.05 
340 0.06 0.01 0.04 0.06 0.01 0.02 0.09 0.01 0.05 0.01 
360 0.03 0 0 0 0.01 0 0.02 0 0.02 0 
380 0 0 0 0 0 0 0 0 0 0 
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Figure 6. 2. Penetration by Time for the Control Group. 
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Figure 6. 3. Penetration by Time for the 25-50 micron Group. 
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Figure 6.4. Penetration by Time for the 75-90 micron Group. 
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Figure 6.5. Penetration by Time for the > 150 micron Group 
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6.3. Setting Rate 
Setting rate values were computed as the initial penetration (in millimeters) divided by 
the number of minutes required to obtain no penetration. Figure 6-6 shows the setting 
rate values for the four groups . 
. 02 Error Bars show Mean +/- 1.0 SE 
.01 
.01 
.00 
Control 25-50 µm 75-90 µm >150 µm 
Group 
Figure 6. 6. Setting Rate as a Function of Group 
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Table 6-8 on the following page provides the results of the one way ANOVA that was 
performed to compare the four conditions in terms of setting rate. The difference 
between the four conditions was statistically significant , as indicated by the F value at a 
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probability level of .001 [F(3,36)=20.07 , p<.001]. This value when compared to tabular 
values of significance indicates that the differences between the groups in terms of setting 
rates were statistically significant. 
Table 6.8. ANOVA Comparing Groups on Mean Setting Rate. 
Setting Rate ANOVA 
Sum of df Mean F p 
Squares Square 
Between Groups .00 3 .00 20.07 <.001 
Within Groups .00 36 .00 
Total .00 39 
Tukey ' s Honestly Significant Difference (HSD) tests were then performed to compare 
each pair of groups. The results are shown in Table 6-9. The largest differences involved 
the 75-90 me group, which had larger setting rates (M=.0102 , SD=.0011) than either the 
control group (M=.0078 , SD=.0004) , the 25-50 me group (M=.0064 , SD=.0019) , or 
the> 150 me group (M=.0072 , SD=.0005) (all ps<.001). In addition , the control group 
had higher setting rates than the 25-50 me group (p<.05). No other differences were 
statistically significant. 
6. 4. Biaxial Strength 
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Figure 6-7 on the following page shows the average levels of flexural strength (MPa) 
serve as a function of time and group. Table 6-9 which follows serves to present the raw 
data for flexural strength at both 10 and at 30 days for each of the five samples within 
each group. The table listing also contains descriptive statistics for each time and for each 
of the sample groups. 
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Table 6.9. Tukey HSD Follow Up Tests/or ANOVA Comparing Groups on Mean Setting 
Rate. 
Dependent Variable: 
Setting Rate 
TukeyHSD 
(I) Group 
Control 
25-50 µm 
75-90 µm 
>150 µm 
(J) Group 
25-50 µm 
75-90 µm 
>150 µm 
Control 
75-90 µm 
>150 µm 
Control 
25-50 µm 
>150 µm 
Control 
25-50 µm 
75-90 µm 
Multiple Comparisons 
Mean 
Difference Std. 
(I-J) Error 
.0014* .0005 
-.0024* .0005 
.0006 .0005 
-.0014* 0005 
-.0038* .0005 
-.0008 .0005 
.0024* 0005 
.0038* .0005 
.0030* .0005 
-.0006 0005 
.0008 .0005 
-.0030* .0005 
*The mean difference is significant at the .05 level. 
95% Confidence 
p Interval 
Lower Upper 
Bound Bound 
<.05 .0001 .0028 
<.001 -.0038 -.0010 
>.05 -.0008 .0020 
<.05 -.0028 -.0001 
<.001 -.0052 -.0024 
>.05 -.0022 .0006 
<.001 .0010 .0038 
<.001 .0024 .0052 
<.001 .0016 .0044 
>.05 -.0020 .0008 
>.05 -.0006 .0022 
<.001 -.0044 -.0016 
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Figure 6. 7. Rate of Strength Development for Each Group at 10 and 30 Days. 
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For all groups , it is important to note that flexural strength decreased between 10 
and 30 days, with the largest drop being evidenced for the > 150 micron group. The 
control group had the lowest starting (10 day) MPa levels (M=9.84 , SD=2.34) , and the 
lowest levels at 30 days (M=8.13 , SD=4.37). 
Of the experimental groups , the 75-90 micron group had both the lowest starting 
levels (M=13.00 , SD=2.00) and the lowest levels at 30 days (M=9.58 , SD=l.15) , while 
the >150 micron group had the highest starting levels (M=15.25 , SD=2.24) and the 
highest levels at 30 days (M=l 0.32, SD=2.53). 
Figure 6-8 shows a comparison of the four groups average MP a levels at 10 days 
in color-coded bar-chart format. Figure 6-9 that follows shows the four groups average 
MPa levels at 30 days, also in color-coded bar-chart format. 
A one-way analysis of variance (ANOV A) was performed comparing the MPa 
levels at 10 days for the four groups. All results of this particular analysis are presented in 
Table 6-11. As indicated in the table listing , the result of the analysis was not statistically 
significant. A value of 2.51 result for F(3,16) and a probability level larger than .05 
which indicates no significance. Thus , this researcher concluded that the four groups did 
not differ in terms ofMPa levels at 10 days. Tukey HSD tests (as shown in Tables 6 
through 12) confirm that none of the four groups differed from any others in terms of 10 
day MPa levels. 
A second one-way ANOVA was performed to compare the MPa levels at 30 days, 
and the results are shown in Table 6-13. Again, the results of the test was not statistically 
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Table 6.10. Biaxial Flexure Strength: Control and Experimental Groups at 10 and 30 
Days. 
Group Control 25-50 µm 75-90 µm >150 µm 
Days 10 30 10 30 10 30 10 30 
Sample 
1 11.70 10.92 11.53 11.55 15.82 08.57 12.19 13.62 
2 09.88 08.47 22.56 10.39 11.60 11.41 15.32 07.30 
3 07.45 10.93 14.41 09.17 10.66 09.38 14.97 09.36 
4 07.58 00.52 09.99 06.47 13.76 08.70 18.51 12.16 
5 12.60 09.83 10.44 13.99 13.15 09.84 15.25 09.18 
No. of Values 5 5 5 5 5 5 5 5 
Minimum 07.45 00.52 09.99 06.47 10.66 08.57 12.19 07.30 
25% Percentile 07.52 04.50 10.22 07.82 11.13 08.64 13.58 08.24 
Median 09.88 09.83 11.53 10.39 13.15 09.38 15.25 09.36 
75% Percentile 12.15 10.93 18.49 12.77 14.79 10.63 16.92 12.89 
Maximum 12.60 10.93 22.56 13.99 15.82 11.41 18.51 13.62 
Mean( strength) 09.84 08.13 13.79 10.31 13.00 09.58 15.25 10.32 
Std. Deviation 02.34 04.37 05.20 02.79 2.00 01.15 02.24 02.53 
Std Error 01.05 01.96 02.32 01.25 .89 00.51 01.00 01.13 
Lower 95% 06.94 02.70 07.33 06.85 10.52 08.16 12.47 07.18 
CI of mean 
Upper 95% 12.75 13.57 20.24 13.78 15.48 11.00 18.03 13.47 
CI of mean 
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Figure 6. 8. Rate of Strength Development for Each Group at 10 Days 
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Figure 6. 9. Rate of Strength Development for Each Group at 30 Days 
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Table 6.11. AN OVA Results Comparing the Four Groups on MP a at 10 Days . 
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Table 6.12. Tukey HSD Follow Up Tests for ANO VA Results Comparing the Four 
Groups on MPa at 10 Days. 
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Table 6.13. ANOVA Results Comparing the Four Groups on MPa at 30 Days. 
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Table 6.14. Tukey HSD Follow Up Tests for ANOVA Results Comparing the Four 
Groups on MPa at 30 Days. 
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significant, F(3,16)=.61, p>.05. The F value that resulted indicated that there were no 
statistically significant differences between the groups in terms of 30 day MPa levels. 
Tukey HSD tests (see Table 6-14) confirm this finding. 
6.5. Micro leakage 
Information on microleakage for each condition was also collected. Six 
specimens were examined for each condition, and Figure 6-10 shows the mean 
microleakage as a function of time and group. 
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Table 6-15 shows the mean capillary flow leakage, while Table 6-16 that follows 
shows the raw data for each specimen within each condition. Again, a one-way 
ANOVA was performed to compare the microleakage means for the four groups, and this 
test for the F value was statistically significant, F(3,116)=10.74, p<.001 (at the .002 
probability level), as shown in Table 6-17. 
As a result of this finding, Tukey HSD follow-up tests were performed to 
determine which conditions differed from which others, and these results are provided in 
Table 6-18. From the data analysis, it was clear that the results showed that the control 
group had higher levels of micro leakage than the other three groups, but that the three 
experimental conditions did not differ. 
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Figure 6.10. Capillary Flow Leakage Rates 
Table 6.15. Mean Capillary Flow Leakage 
Mean Capillary Flow Leakage 
Rates (ml/hour) 
Time Control 25-50 µm 75-90 µm >150 µm 
1 day 0.00 0.00 0.00 0.00 
1 week 0.01 0.01 0.00 0.01 
2week 0.03 0.00 0.01 0.01 
3 week 0.05 0.00 0.01 0.02 
4week 0.06 0.00 0.01 0.03 
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Table 6.16. Raw Capillary Flow Data. 
Capillary Flow Leakage Rates (ml/hour) 
Time Control 
Specimen 1 2 3 4 5 6 
1 day 0.00 0.00 0.00 0.00 0.00 0.00 
1 week 0.02 0.03 0.00 0.00 0.01 0.02 
2week 0.06 0.04 0.02 0.00 0.00 0.08 
3 week 0.08 0.06 0.02 0.00 0.02 0.10 
4week 0.10 0.08 0.04 0.00 0.02 0.12 
25-50 µm 
Specimen 1 2 3 4 5 6 
1 day 0.00 0.00 0.00 0.00 0.00 0.00 
1 week 0.02 0.01 0.00 0.00 0.01 0.00 
2week 0.00 0.01 0.00 0.00 0.00 0.00 
3 week 0.00 0.01 0.00 0.00 0.00 0.00 
4week 0.01 0.01 0.00 0.00 0.00 0.00 
75-90 µm 
Specimen 1 2 3 4 5 6 
1 day 0.00 0.00 0.00 0.00 0.00 0.01 
1 week 0.00 0.00 0.01 0.00 0.00 0.00 
2week 0.01 0.00 0.02 0.00 0.02 0.00 
3 week 0.01 0.00 0.02 0.00 0.02 0.00 
4week 0.01 0.00 0.02 0.00 0.02 0.00 
>150 µm 
Specimen 1 2 3 4 5 6 
1 day 0.00 0.00 0.00 0.00 0.00 0.00 
1 week 0.00 0.02 0.00 0.00 0.00 0.01 
2week 0.00 0.02 0.00 0.00 0.01 0.01 
3 week 0.00 0.06 0.00 0.00 0.01 0.02 
4week 0.00 0.06 0.00 0.02 0.01 0.06 
Table 6.17. ANOVA Results Comparing the Four Groups on Microleakage. 
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Table 6.18. Tukey HSD Follow Up Tests for ANO VA Results Comparing the Four 
Groups on Microl eakage. 
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6.6. pH Levels 
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Figure 6-11 shows the change in pH levels for each of the four groups as a function of the 
number of hours involved (note that measurements were taken at 2 hours , 24, hours , 1 
week (168 hours) , 2 weeks (336 hours) , and 3 weeks (504 hours). The control group had 
the lowest pH values initially , followed by the 25-50 me group. However , as time passed 
the pH levels in all groups converged. Table 6-19 shows the pH levels as a function of 
group and time. 
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pH Levels by Group 
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Figure 6-11. pH Levels by Time and Group. 
Table 6.19.pH Levels by Group and Time. 
Group 25-50 µm 75-90 µm >150 µm Control 
Hours 
2 11.72 12.05 12.00 11.06 
24 12.24 12.20 12.34 12.20 
168 12.33 12.35 12.40 12.40 
336 12.65 12.58 12.52 12.60 
504 12.65 12.55 12.55 12.61 
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7. DISCUSSION 
Because of the positive qualities and characteristics of Mineral trioxide 
aggregate (MT A), it continues to gain increasing popularity among clinicians , as 
previously noted in the literature review . But prolonged setting time has and continues to 
be a drawback to its use. It has been noted in the literature that this is a major limitation 
and often requires irrigation or manipulation , thus resulting in the material being 
displaced. Researchers have agreed that reducing the setting time of mineral trioxide 
aggregate to a one treatment visit would significantly increase the benefits of using this 
substance. 
Essentially , this investigative research study was focused on determining if 
particle size influenced setting time and if this result could be achieve without a 
significant change in the other physical properties of the substance . In this way this 
researcher could achieve a shorter setting time which would help in improving both the 
applications and use of MT A, thereby significantly enhancing the beneficial use and 
application of MT A. 
This discussion sections have summarized what was found from the various 
analyses reported in the previous chapter. Sections below relate to the physical properties 
assessed. 
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7 .1 Particle Size and Morphology 
It is first important to note that the chemical composition of the material was the 
same as specified by the manufacturer. As regards the SEM analysis , the particle sizes for 
the four respective powders may be listed as follows: 
• the control group had particles from the smallest size ranging from 
1-75 µm; 
• the 50 µm powder had particles < than 30 µmin size; 
• the 75-90 µm powder had particles from 30-75; and 
• the 150 µm powder had particles ranging from 10- 7 5 µm in size. 
Thus it can be seen that as the seives increased in size, the particle size for the 
powder range also increased. In the final analysis , the powders ended having a greater 
range of particle sizes. 
7.2 Energy Dispersive X-Ray Analysis 
The present investigative research also evaluated and contrasted elemental 
composition of all the four groups control , powder with 50 microns particle size , powder 
with 75-90 microns and > than 150 microns. One of the more popular microanalysis 
techniques that utilize a scanning electron microscope is energy dispersive X-ray 
spectroscopy (EDS). Basically , it is a chemical microanalysis method. X-rays are emitted 
as a result of atoms that are bombarded by an electron beam. Resulting X-rays that derive 
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from the sample atoms are similar in wavelength and energy traits and characteristics to 
the parent atom. 
Of the five different types of cement described by the American Society for 
Testing and Materials (ASTM) Designation C150: Standard Specification for Portland 
Cement (as shown in the listing below) , the two major compounds found in the Portland 
substance are SiO2 and CaO (Kosmatka & Panarese , 1988). 
Table 6.20. Standards Specifications for Portland Cement. 
Type of Chemical Composition °1. Phase Com position °/ 
Portland 
SiO, Al,O F,e2 0 CaO MgO so c_s C,S c~ C"AF 
Ceme nt 
Typ 11 20 .9 5.2 2.3 64 .4 2.8 2.9 55 19 10 7 
Type II! 21 .7 4 .7 3.13 63.6 2.9 2.4 51 24 6 1-1 
Typ II 21.3 5.1 2.3 6 .9 ~.O .1 56 19 10 7 
Type IV 2 .3 .3 4 .1 62.3 1.8 1.9 28 49 4 12 
Typ V 25.0 3.4 2.8 6 1.9 1.6 38 3 9 
Whi t 24 .5 5.9 0.6 65.0 u 1.8 33 46 14 2 
In the samples used in the present investigation, the amounts of calcium were 
comparable , but the mineral trioxide aggregate did evidence somewhat more silicon. This 
was attributed to the fact that resin was used to embed the specimens. 
7.3 Setting Time 
The setting time for the study samples showed expected results, as was anticipated by this 
researcher at the start of the study. This researcher observed during sample preparations 
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that the addition of calcium chloride improved the handling characteristics of the material. 
Specifically , the substances flowed better and were less grainy . In addition , they were 
smoother. 
An examination of setting rates (initial penetration divided by the number of 
minutes required to obtain no penetration) utilizing one-way ANOV As and Tukey HSD 
tests indicated that the largest differences involved the 75-90 microns group . It was this 
group that had the largest setting rates as compared to all three other groups in the testing. 
In addition , it is important to note that the control group had higher setting rates as 
compared to the 25-50 micron group. 
From the data analysis of the respective study samples it was found that the 
smallest size particles set the earliest. Conversely , the larger size particles set slower. The 
results of the present investigation also noted that there were several issues of concern. 
The first of these pertained to the setting time of the control group. It was over double of 
that described in other students for MT A or Portland cement. Differences in methods of 
analysis and preparation procedures may account for the differences. As indicated in the 
listing below , setting times test methods differed depending on which study is consulted . 
The earlier one by Torabinejad et al. (1995) shows significant differences as compared to 
the Samadzadeh (2006) study. 
Table 6.21. Comparison of Test Results of Setting Rates. 
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It is possible that a smaller penetrating tip diameter would identify smaller setting 
time differences with respect to different materials , as suggested by Samadzadeh (2006). 
The needle tip pressure used in the Samadzadeh study was calculated to be more than 
double that of the indenter needle of an apparatus based on the ISO 6876 specification. 
As a result of discrepancies such as these , among others, Samadzadeh (2006) 
cautions other researchers as follows: 
It must be noted that as Mineral Trioxide Aggregate is not a true root canal 
sealer, application of testing standards of such materials to measure the 
physical properties of MT A may lead to erroneous results, as was 
demonstrated in this study. Therefore, the author feels that appropriate test 
standards should be established to assess the physical properties of this 
new material and its future variants. (p. 137) 
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7.4 Biaxial Flexural Strength 
As previously noted , biaxial strength was examined via one-way ANOVA with 
Tukey HSD follow-up tests. Results indicated that flexural strength decreased between 10 
and 30 days for all groups , and that the differences between the groups were not 
statistically significant at either 10 days or 30 days. Thus it was concluded from the 
analysis of the data that biaxial flexural strength was not affected by particle size. No 
change was evidenced in this respect. In addition , for all sample groups in the present 
study , biaxial flexural strength decreased between 10 and 30 days. 
7 .5 Micro leakage 
From the analysis of the data with respect to micro leakage , The data indicated 
that the control group had higher levels of micro leakage than the other three groups, but 
that the three experimental conditions did not differ. This was an important finding 
because the focus of the present investigative study was centered on the size of the 
Portland cement particles . 
From the data analysis , it was clear that the results showed that the control group 
had higher levels of micro leakage than the other three groups , but that the three 
experimental conditions did not differ. 
It is important to note , however , that the findings and results of the analysis did 
not differentiate between fluid leakage through porosities within the cement or fluid 
leakage through marginal voids. In addition , it was not possible to acquire data on the 
distribution and size of pores and marginal void. Yet another drawback to the process 
was the fact that the measurement process and indeed the whole of the set up procedure 
was technique sensitive as well as very time consuming. 
7.5 pH 
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Not much can be said regarding the pH levels. Graphical analysis of pH levels 
indicated that the control group had the lowest pH values initially, followed by the 25-50 
me group. However, as the experimental time passed, the pH levels in all groups 
converged thus showing no differences. 
In summary it may be concluded that from the analysis of the data it was 
determined that there was no influence on pH with respect to the particle size. No 
significant differences were found between and among the sample substance groups. 
8. CONCLUSION 
Within the limitations of this study it can be concluded that: 
1. From the data analysis it was concluded that there were no significant 
differences (i.e., the results) in the physical properties of the various 
particle sample sizes. For example, biaxial strength did not change due · 
to particular size ranging from 50 microns to 150 microns, nor was the 
pH influenced. The same was true for micro leakage. Thus it was 
concluded that the smaller particular size of the substance did not 
influence a change in its physical properties. 
2. The smaller the size of the particles , the earlier the substance set. It was 
thus concluded that setting time was reduced by a reduction in particle 
size. 
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9. FUTURE STUDIES 
This study underlines the need for further investigation of the effects of various particle 
size on the setting time of Mineral Trioxide Aggregate. Future research directions may be 
stated as follows: 
1. It is recommended that a future study focus on replication of the current 
study to confirm the findings that the smaller particular size decreased 
setting time without noticeably altering other physical properties. 
2. Future research directions also include evaluation of MT A water-powder 
ratio on porosity and microleakage. 
3. A next generation of MT A with significant improvements in biological 
and physical properties should also be a future research direction - one 
that includes smaller particle size in order to achieve a setting time within 
a single appointment time frame. 
10. APPENDIX 
Table APP. I. Test Results: 50 microns- JO days. 
Displace-
ment at 
yield mm 
1 0.172 
2 0.141 
3 0.087 
4 0.081 
5 0.198 
Mean 0.136 
S.D. 0.051 
Mean+ l .OOSD 0.187 
Mean-LOOS 0.081 
Minimum 0.081 
Maximum 0.198 
Sample Id: 50 me in 30 days. 
Test Type: Flex 
Flex Mode: 3 point 
Local at 
yield kN 
0.063 
0.053 
0.029 
0.023 
0.073 
0.048 
0.021 
0.070 
0.023 
0.023 
0.073 
Method Used lOON Biaxial 12mm base. 
Diameter Thick- X 
Mm ness Value 
Mm 
18.080 2.940 -6.12 
19.040 2.840 -6.25 
18.510 2.260 -6.18 
18.600 2.380 -6.19 
18.780 2.880 -6.22 
18.602 2.660 -6.19 
0.355 0.315 0.047 
18.957 2.975 -6.14 
18.080 2.260 -6.25 
18.080 2.260 -6.25 
19.040 2.940 -6.12 
Cross head Speed 
Sample Rate (pts/secs) 
Full Sacle Load Range 
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y Biaxial 
Value Mpa 
0.561 11.55 
0.400 10.39 
0.487 9.17 
0.472 6.47 
0.443 13.99 
0.473 10.31 
0.059 2.79 
0.532 13.10 
0.413 7.52 
0.400 6.47 
0.561 13.99 
0.5000 mm/min 
20.000 
O.lOOkN 
Table APP.2. Test Results: 75-90 µm- 30 days. 
Displace Local at 
-ment at yield kN 
yield 
mm 
1 0.190 0.075 
2 0.219 0.081 
3 0.178 0.070 
4 0.228 0.078 
5 0.206 0.071 
Mean 0.204 0.075 
S.D. 0.022 0.005 
Mean+l.0OSD 0.225 0.079 
Mean -1.00S 0.184 0.070 
Minimum 0.178 0.070 
Maximum 0.228 0.081 
Sample Id: 75-90 me in 30 days. 
Test Type : Flex 
Flex Mode: 3 point 
Method Used 1 00N Biaxial 12mm base. 
Diameter Thick- X 
Mm ness Value 
Mm 
16.140 3.750 -5.84 
16.150 3.380 -5.84 
16.260 3.470 -5.86 
15.650 3.810 -5.77 
15.490 3.420 -5.74 
15.938 3.566 -5.81 
0.344 0.199 0.053 
16.282 3.765 -5.76 
15.594 3.367 -5.86 
15.490 3.380 -5.86 
16.260 3.810 -5.74 
Cross head Speed 
Sample Rate (pts/secs) 
Full Scale Load Range 
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y Biaxial 
Value Mpa 
0.927 8.57 
0.924 11.41 
0.902 9.38 
1.029 8.70 
1.064 9.84 
0.969 9.58 
0.072 1.15 
1.042 10.73 
0.897 8.43 
0.902 8.57 
1.064 11.41 
0.5000 mm/min 
20.000 
0.l00kN 
Table APP.3. Test Results: 150 µm. 
Displace-
ment at 
yield mm 
1 0.142 
2 0.102 
3 0.143 
4 0.127 
Mean 0.129 
S.D. 0.019 
Mean+l.00SD 0.148 
Mean -1.00S 0.109 
Minimum 0.102 
Maximum 0.143 
Sample Id: 150 microns 
Test Type : Flex 
Flex Mode: 3 point 
Local at 
yield kN 
0.043 
0.034 
0.053 
0.050 
0.045 
0.008 
0.054 
0.037 
0.034 
0.053 
Method Used 1 00N Biaxial 12mm base. 
Diamet Thick- X 
er ness Value 
Mm Mm 
15.300 2.400 -5.70 
15.300 1.900 -5.70 
15.400 2.400 -5.72 
15.300 2.100 -5.70 
15.325 2.200 -5.72 
00.050 0.245 0.008 
15.375 2.445 -5.71 
15.275 1.955 -5.72 
15.300 1.900 -5.72 
15.400 2.400 -5.70 
Cross head Speed 
Sample Rate (pts/secs) 
Full Sacle Load Range 
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y Biaxial 
Value Mpa 
1.106 12.19 
1.106 15.32 
1.084 14.97 
1.106 18.51 
1.100 15.25 
0.011 02.59 
1.112 17.83 
1.089 12.66 
1.084 12.19 
1.106 18.51 
0.5000 mm/min 
20.000 
0.l00kN 
Table APP.4. Test Results: 150 µm- 30 days. 
Displacement Local Diameter Thick- X 
at yield mm at Mm ness Value 
yield Mm 
kN 
1 0.117 0.057 15.400 2.600 -5.73 
2 0.086 0.043 15.300 3.100 -5.71 
3 0.112 0.055 15.600 3.100 -5.76 
4 0.067 0.022 15.100 1.700 -5.68 
5 0.121 0.051 15.200 3.000 -5.69 
Mean 0.101 0.046 15.320 2.700 -5.71 
S.D. 0.023 0.014 00.192 0.596 0.031 
Mean+ 1. OOSD 0.124 0.060 15.512 3.296 -5.68 
Mean -LOOS 0.078 0.031 15.128 2.104 -5.73 
Minimum 0.067 0.022 15.100 1.700 -5.76 
Maximum 0.121 0.057 15.600 3.100 -5.67 
Sample Id: 150 microns in 30 days. Cross head Speed 
Test Type: Flex Sample Rate (pts/secs) 
Flex Mode: 3 point Full Sacle Load Range 
Method Used lOON Biaxial 12mm base. 
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y Biaxial 
Value Mpa 
1.084 13.62 
1.106 07.30 
1.040 09.36 
1.151 12.16 
1.128 09.18 
1.102 10.32 
0.043 02.53 
1.145 12.85 
1.059 07.79 
1.040 07.30 
1.151 13.62 
0.5000 mm/min 
20.000 
O.lOOkN 
Table APP.5. Test Results: Control Group-30 days. 
Displacement Local 
at yield mm at 
yield 
kN 
1 0.067 0.030 
2 0.050 0.023 
3 0.097 0.046 
4 0.093 0.043 
Mean 0.077 0.035 
S.D. 0.022 0.011 
Mean+l.00SD 0.099 0.046 
Mean -1.00S 0.055 0.025 
Minimum 0.050 0.023 
Maximum 0.097 0.046 
Sample Id : control grp in 30 days. 
Test Type : Flex 
Flex Mode: 3 point 
Method Used l00N Biaxial 12mm base. 
Diameter Thick- X 
Mm ness Value 
Mm 
15.720 2.100 -5.78 
15.300 2.100 -5.71 
15.600 2.600 -5.76 
15.100 2.800 -5.68 
15.430 2.400 -5.73 
00.282 0.356 0.045 
15.712 2.756 -5.68 
15.148 2.044 -5.78 
15.100 2.100 -5.77 
15.720 2.800 -5.67 
Cross head Speed 
Sample Rate (pts/secs) 
Full Sacle Load Range 
92 
y Biaxial 
Value Mpa 
1.101 10.92 
1.106 08.47 
1.040 10.93 
1.151 00.52 
1.078 09.83 
0.062 01.29 
1.140 11.11 
1.016 08.54 
1.014 08.47 
1.151 10.93 
0.5000 mm/min 
20.000 
0.l00kN 
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